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DIELECTRIC RESONATOR, DIELECTRIC 
FILTER, DIELECTRIC DUPLEXER, AND 

OSCILLATOR 

TECHNICAL FIELD 

The present invention relates to a dielectric resonator, a 
dielectric ?lter, a dielectric duplexer, and an oscillator. 

BACKGROUND ART 

Recently, a sharply increasing demand for and 
multimedia-systemiZation of mobile communication sys 
tems requires large-scale and high-speed communication 
systems. According to the increasing amount of information 
to be communicated, frequency bands to be used are being 
Widened from microWave bands to millimeter-Wave 
(milliWave) bands. In such milliWave bands, conventionally 
knoWn TE016-mode dielectric resonators composed of a 
cylindrical dielectric device can be used in a manner similar 
to the case of microWave bands. In this case, since the 
frequency of the TE016-mode dielectric resonator is de?ned 
according to the outer dimension of the cylindrical dielectric 
device, strict processing accuracy is required. 

Also, suppose a dielectric ?lter is con?gured by arranging 
a plurality of the TE016-mode dielectric resonators to be 
apart from each other With a predetermined spacing in a 
metal housing. In such a case, coupling betWeen an input/ 
output means such as a metal loop and a dielectric resonator 
or betWeen a dielectric resonator and a dielectric resonator 
is determined according to the distance therebetWeen. 
Therefore, the arrangement requires high positional accu 
racy. 

Then, in Japanese Unexamined Patent Application Pub 
lication No. 7-62625, US. Pat. No. 5,764,116 the present 
applicant proposed a dielectric resonator and a dielectric 
?lter that alloW improved processing accuracy, solving the 
problems described above. 

The dielectric ?lter according to the above patent appli 
cation is shoWn FIG. 12. FIG. 12 is an exploded perspective 
vieW of the dielectric ?lter according to the above patent 
application. 
As shoWn in FIG. 12, a dielectric ?lter 101 is constituted 

of a dielectric substrate 102 and conductor plates 104a and 
104b. 

The dielectric substrate 102 has a constant relative dielec 
tric constant, on Which electric conductors 102a and 102b 
having circular openings on their tWo main faces are formed 
so that that the openings on the tWo main faces oppose each 
other. 
An input coplanar line 105a and an output coplanar line 

105b are formed so as to be in proximity to tWo ends of the 
?ve openings on one of the main faces of the dielectric 
substrate 102 (the upper side in FIG. 12). 

The dielectric plates 104a and 104b are immobiliZed such 
that they are spaced apart by a predetermined distance from 
the dielectric substrate 102 and so that they sandWich the 
dielectric substrate 102. The input coplanar line 105a and 
the output coplanar line 105B are projected from the dielec 
tric plates 104a and 104b. Cutouts are arranged on the 
conductor plate 104a so that the input coplanar line 105a and 
the output coplanar line 105b are not connected. The con 
ductor plate 104a and the electric conductor 102a of the 
dielectric substrate 102 are electrically connected, and the 
conductor plate 104b and the electric conductor 102b of the 
dielectric substrate 102 are electrically connected. 

In the con?guration as described above, electromagnetic 
?eld energy is con?ned in the dielectric substrate 102 in the 
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2 
vicinity sandWiched by the openings opposing the electric 
conductors 102a and 102b, and ?ve resonating sections are 
formed. Further adjacent resonating sections are coupled; 
thus, a dielectric ?lter having resonating sections in ?ve 
steps is con?gured. 
As described above, the resonating section can be de?ned 

according to the siZe of the opening of an electrode. This 
enables a processing means such as etching to be used in 
production and alloWs production of a dielectric resonator, a 
dielectric ?lter, and the like that have precisely reproduced 
dimensional accuracy of the resonating section. 

In the dielectric ?lter 101 as described above, con?ne 
ment of electromagnetic-?eld energy is high in the resonat 
ing sections formed by the dielectric substrate 102 sand 
Wiched by the openings on the opposing electric conductors 
102a and 102b. Therefore, When an input/output terminal 
means is formed of the coplanar lines 105a and 105b, 
coupling is Weak betWeen the resonating sections and the 
input/output terminal means. Therefore the distance betWeen 
the openings of the electrodes 102a and 102b and the input 
coplanar lines 104a and 104b is shortened as much as 
possible so as to strengthen coupling betWeen the resonating 
sections and the input/output terminal means. 

Also, in the dielectric ?lter 101 as described above, since 
con?nement of electromagnetic-?eld energy is high in the 
resonating sections, coupling is Weak betWeen the adjacent 
resonating sections. Therefore the distance betWeen the 
openings is shortened as much as possible so as to strengthen 
coupling betWeen the resonating sections. 

In addition, a conventionally as an apparatus using a 
dielectric resonator, namely a voltage-controlled oscillator, 
is shoWn in FIG. 13. 

As shoWn in FIG. 13, a voltage-controlled oscillator 111 
uses a cylindrical TE016-mode dielectric resonator 112. 

The TE016-mode dielectric resonator 112 is mounted on 
a Wiring substrate 113 via a supporting base 112a. On a 
loWer face of the Wiring substrate 113, ground electrodes, 
not shoWn, are formed. The Wiring substrate 113 is housed 
Within an upper metal housing 130 and a loWer metal 
housing 131. 
On the Wiring substrate 113, a microstrip line 114 com 

posing a primary line and a microstrip line 115 composing 
a secondary line are formed so as to overlap each other as 
vieWed doWnWard from points over the TE016-mode dielec 
tric resonator 112 and FIG. 13. 

The microstrip line 114 is arranged such that one end 
thereof is connected to a ground electrode 117 via a chip 
resistor 116, and the other end thereof is connected to a gate 
of a ?eld-effect transistor 118. 

A resonating section is formed by electromagnetic-?eld 
coupling betWeen the primary line composing the primary 
line and the TE016-mode dielectric resonator 112. 

The microstrip line 115 is arranged such that one end 
thereof is connected to the ground electrode 117 via a 
varactor diode 119, and the other end thereof is an open end. 
A variable oscillation frequency circuit is comprised of 

the microstrip line 115 composing the primary line and the 
varactor diode 119. 

The ?eld-effect transistor 118 is arranged such that a drain 
thereof is connected to an input terminal 122 via a microstrip 
line 121, and a source thereof is connected to one end of a 
microstrip line 123. 
The microstrip line 121 is connected to a matching stub 

124 at a point of connection With the drain of the ?eld-effect 
transistor 118. 
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The other end of the microstrip line 123 is connected to 
the ground electrode 117 via a chip resistor 125. The 
microstrip 123 is formed so as to be parallel from a point 
With a microstrip line 126 With a constant distance so as to 
be electrically coupled. 

The microstrip line 126 is connected to an output terminal 
electrode 128 via a chip resistor 127. 

The matching stub 124 is connected to the input terminal 
electrode 122 in parallel With the microstrip line 121. 
A chip capacitor 129 is connected to the output terminal 

electrode 128 in parallel With the chip resistor 127. 
In a con?guration such as that described above, the 

varactor diode 119 serves as a variable capacitor according 
to application voltages to vary resonance frequency, by 
Which oscillation frequency varies. 
As described above, in the dielectric ?lter 101 shoWn in 

FIG. 12, the distance betWeen the openings of the electric 
conductors 102a and 102b and the input and output coplanar 
lines 105a and 105b is shortened as much as possible so as 
to strengthen coupling betWeen the resonating sections and 
the input/output terminal means. 

HoWever, because of a limit to shortening of the distance 
betWeen the openings of the electric conductors 102a and 
102b and the input and output coplanar lines 105a and 105b, 
the coupling strength cannot be further increased. 

Also, the length of the dielectric substrate 102 is increased 
in the direction of the resonating-section arrangement by 
formation of the input/output coplanar lines 105a and 105b, 
increasing the overall length of the dielectric ?lter 101. 
Therefore, the space for the input/output terminal means 
such as the input/output coplanar lines 105a and 105b is an 
obstacle to reducing the overall siZe of the dielectric ?lter 
101. 

Also, as shoWn in FIG. 12, When the dielectric ?lter 
having ?ve-step resonating sections is so con?gured, ?ve 
openings must be formed on the electric conductors 102a 
and 102b on the tWo main faces of the dielectric substrate 
102. Accordingly, the overall siZe of the dielectric substrate 
102 is increased, and as a result, the overall siZe of the 
dielectric ?lter 101 is increased. Therefore, the overall siZe 
of the dielectric ?lter is increased in proportion to the 
increase in the number of the openings on the electric 
conductors formed on the tWo main faces of the dielectric 
substrate, that is, the number of steps in the resonating 
sections. 

Also, characteristics of the individual resonating section 
in the dielectric ?lter, such as frequency characteristics, are 
adjusted by eliminating electric conductors in the vicinity of 
the openings on the electrodes forming the resonating sec 
tions. HoWever, since this changes the shape of the openings, 
electromagnetic ?elds are caused to diverge, and unneces 
sary spurious components are occasionally produced. 

Also, When coupling betWeen the individual resonating 
sections in the dielectric ?lter must be strengthened, the 
distance betWeen the openings in the electric conductor of 
the electric conductor is shortened. That is, a different 
dielectric substrate having a smaller distance betWeen open 
ings of the electric conductor is used, and a different 
dielectric substrate must be prepared. This takes time and 
incurs costs. 

Also, to adjust characteristics of the dielectric ?lter, for 
eXample, to indirectly couple resonating sections separated 
from each other, a different capacitor, a coil, and the like, and 
circuit elements such as lead lines formed on the dielectric 
substrate 102 are arranged on the dielectric substrate 102. 
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4 
Also, to arrange these circuit elements on the dielectric 
substrate 102, lead lines for arranging them are also formed 
on the same substrate. When such lead lines are formed 

around the resonating sections, hoWever, the dimensions of 
the substrate used must be larger, the siZe of the dielectric 
device is increased, and the overall siZe of the dielectric ?lter 
is also increased. 

In addition, in the voltage-controlled oscillator 111, elec 
tromagnetic ?elds of the TEOlb-mode dielectric resonator 
112 are Widely dispersed around the TEOlb-mode dielectric 
resonator 112. Therefore, a problem arises in that the elec 
tromagnetic ?elds couple to the microstrip lines 121 and 123 
and the like, instead of the microstrip line 114 and the 
microstrip line 115. When such unnecessary coupling 
occurs, the oscillation frequency in the voltage-controlled 
oscillator 111 may be unstable. Conventionally, to minimize 
defects due to such unnecessary coupling, Wiring Was 
designed so that the microstrip lines 121 and 123 Which is 
not desired to be coupled to the TEOlb-mode dielectric 
resonator 112 are separated as far as possible from the 
TEOlb-mode dielectric resonator 112. 

HoWever, separation of microstrip lines other than the 
primary line and secondary line requires the Wiring substrate 
113 to be enlarged proportionally to the separation, resulting 
in enlargement of the overall siZe of the voltage-controlled 
oscillator 111. 

Also, since Wiring is designed under the condition that the 
microstrip lines 121 and 123 Which are not desired to be 
coupled to the TEOlb-mode dielectric resonator 112 are 
separated as far as possible from the TEOlb-mode dielectric 
resonator 112, less ?exibility remains in the Wiring design. 

Also, the TEOlb-mode dielectric resonator 112 is 
arranged on the Wiring substrate 113, and the Wiring sub 
strate 113 is covered by the upper metal housing 130 so as 
to con?ne electromagnetic ?elds in the TEOlb-mode dielec 
tric resonator 112. In this case, the height of the upper metal 
housing 130 must be made larger than that of the TE016 
mode dielectric resonator 112. This also increases the height 
of the voltage-controlled oscillator 111. 

DISCLOSURE OF INVENTION 

The present invention is made in consideration of the 
these problems and has an object to provide a dielectric 
resonator, a dielectric ?lter, a dielectric dupleXer, and an 
oscillator that alloW overall siZe reduction, easy adjustment 
of coupling betWeen resonators adjacent to each other, and 
?exible Wiring design. 

Accordingly, a dielectric resonator according to an aspect 
of the invention includes a dielectric substrate, a ?rst electric 
conductor formed on one main face of the dielectric 
substrate, a second electric conductor formed on the other 
main face of the dielectric substrate, a ?rst opening formed 
on the ?rst electric conductor so that the dielectric substrate 
is eXposed by the ?rst electric conductor, a second opening 
formed on the second electric conductor so that the dielectric 
substrate is eXposed by the second electric conductor, a ?rst 
electric conductor plate spaced apart from the ?rst electric 
conductor so as to cover at least the ?rst opening, a second 
electric conductor plate spaced apart from the second elec 
tric conductor so as to cover at least the second opening, a 
resonating section de?ned by the ?rst opening and the 
second opening, a supporting member spaced apart from the 
dielectric substrate in the thickness direction of the dielectric 
substrate, and electrodes formed on the supporting member. 

In a dielectric resonator according to an aspect of the 
invention, a plurality of the supporting members is arranged 
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in the thickness direction of the dielectric substrate for the 
dielectric substrate. 

In a dielectric resonator according to an aspect of the 
invention, lead lines are arranged by the electrodes. 

In a dielectric resonator according to an aspect of the 
invention, the electrodes are used as frequency-modulating 
electrodes. 

A dielectric ?lter according to an aspect of the invention 
includes a dielectric substrate, a ?rst electric conductor 
formed on one main face of the dielectric substrate, a second 
electric conductor formed on the other main face of the 
dielectric substrate, a ?rst opening formed on the ?rst 
electric conductor so that the dielectric substrate is eXposed 
by the ?rst electric conductor, a second opening formed on 
the second electric conductor so that the dielectric substrate 
is eXposed by the second electric conductor, a ?rst conductor 
plate spaced apart from the ?rst electric conductor so as to 
cover at least the ?rst opening, a second electric conductor 
plate spaced apart from the second electric conductor so as 
to cover at least the second opening, a resonating section 
de?ned by the ?rst opening and the second opening, a 
supporting member spaced apart from the dielectric sub 
strate in the thickness direction of the dielectric substrate, 
and electrodes formed on the supporting member. 

In a dielectric ?lter according to an aspect of the 
invention, input/output terminal electrodes for performing 
electromagnetic-?eld coupling are arranged by the elec 
trodes at the resonating sections. 

In a dielectric ?lter according to an aspect of the 
invention, the electrodes are used as frequency-modulating 
electrodes. 

In a dielectric ?lter according to an aspect of the 
invention, the supporting member is a dielectric substrate, 
the electrodes are formed on tWo main faces of the support 
ing member, openings are formed on the electrodes on the 
tWo main faces, and a resonating section is formed by the 
openings. 

In a dielectric ?lter according to an aspect of the 
invention, a plurality of the ?rst openings and a plurality of 
the second openings eXist, so that a plurality of the resonat 
ing sections de?ned by the ?rst openings and the second 
resonating sections exist. 

In a dielectric ?lter according to an aspect of the 
invention, coupling electrodes for coupling the plurality of 
resonating sections via an electromagnetic ?eld are formed 
on the supporting member. 

In a dielectric ?lter according to an aspect of the 
invention, a plurality of the supporting members is arranged 
in the direction of the dielectric substrate With respect the 
dielectric substrate. 
A dielectric dupleXer according to an aspect of the 

invention, includes a dielectric substrate, a ?rst electric 
conductor formed on one main face of the dielectric 
substrate, a second electric conductor formed on the other 
main face of the dielectric substrate, a plurality of ?rst 
openings formed on the ?rst electric conductor, 

a plurality of second openings formed on the second 
electric conductor, a ?rst conductor plate spaced apart 
from the ?rst electric conductor so as to cover at least 
the plurality of ?rst openings, a second conductor plate 
spaced apart from the second electric conductor so as to 
cover at least the plurality of second openings, a 
plurality of resonating sections de?ned by the plurality 
of ?rst openings and the plurality of second openings, 
a ?rst ?lter composed of a ?rst resonating section group 
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6 
of the plurality of resonating sections, a second ?lter 
composed of a second resonating section group of the 
plurality of resonating sections Which is different from 
the ?rst resonating section group, a supporting member 
spaced apart from the dielectric substrate in the thick 
ness direction of the dielectric substrate, and electrodes 
formed on the supporting member. 

A dielectric dupleXer according to an aspect of the inven 
tion includes a ?rst input/output terminal electrode com 
posed of the electrode and coupled to at least one of the ?rst 
resonating section group via an electromagnetic ?eld, a 
second input/output terminal electrode composed of the 
electrode and coupled to at least one of the second resonat 
ing section group via an electromagnetic ?eld, and a third 
input/output terminal electrode composed of the electrode 
and coupled to at least one of the ?rst resonating section 
group and to at least one of the second resonating section 
group via an electromagnetic ?eld. 

In a dielectric dupleXer according to an aspect of the 
invention, the electrodes are used as frequency-modulating 
electrodes. 

In a dielectric dupleXer according to an aspect of the 
invention, the supporting member is a dielectric substrate, 
the electrodes are formed on tWo main faces of the support 
ing member, openings are formed on the electrodes on the 
tWo main faces, and a resonating section is formed by the 
openings. 

In a dielectric dupleXer according to an aspect of the 
invention, a plurality of the ?rst openings and a plurality of 
the second openings eXist, so that a plurality of the resonat 
ing sections de?ned by the ?rst openings and the second 
resonating sections exist. 

In a dielectric dupleXer according to an aspect of the 
invention, coupling electrodes for coupling the plurality of 
resonating sections via an electromagnetic ?eld are formed 
on the supporting member. 

In a dielectric dupleXer according to an aspect of the 
invention, a plurality of the supporting members is arranged 
in the direction of the dielectric substrate With respect the 
dielectric substrate. 
An oscillator according to an aspect of the invention, 

includes a dielectric substrate, a ?rst electric conductor 
formed on one main face of the dielectric substrate, a second 
electric conductor formed on the other main face of the 
dielectric substrate, a ?rst opening formed on the ?rst 
electric conductor, a second opening formed on the second 
electric conductor, a ?rst electric conductor plate spaced 
apart from the ?rst electric conductor so as to cover at least 
the ?rst opening, a second electric conductor plate spaced 
apart from the second electric conductor so as to cover at 
least the second opening, a resonating section de?ned by the 
?rst opening and the second opening, a supporting member 
spaced apart from the dielectric substrate in the thickness 
direction of the dielectric substrate, a primary line formed on 
the supporting member and composing a resonant circuit by 
performing electromagnetic-?eld coupling to the resonating 
section, and a negative resistor circuit connected to the 
resonant circuit. 

In an oscillator according to an aspect of the invention, the 
resonant circuit includes an oscillation frequency variable 
circuit. 

In an oscillator according to an aspect of the invention, the 
oscillation frequency variable circuit is controlled by volt 
age. 

In an oscillator according to an aspect of the invention, at 
least either one of the ?rst electric conductor and the second 
electric conductor of the dielectric substrate is connected to 
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the ?rst conductor plate or the second conductor plate. In an 
oscillator according to an aspect of the invention, the ?rst 
electric conductor and the second electric conductor of the 
dielectric substrate are connected. 

Con?gurations such as those described above alloW pro 
vision of a dielectric resonator, a dielectric ?lter, a dielectric 
duplexer, and an oscillator that alloW overall siZe reduction, 
easy adjustment of coupling betWeen resonators adjacent to 
each other, and ?exible Wiring design. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an exploded perspective vieW of a dielectric 
resonator according to a ?rst embodiment; 

FIG. 2 is an exploded perspective vieW of a dielectric 
?lter according to a second embodiment; 

FIG. 3 is an exploded perspective vieW of a dielectric 
?lter according to a ?rst modi?cation example of the second 
embodiment; 

FIG. 4 is an exploded perspective vieW of a dielectric 
?lter according to a second modi?cation example of the 
second embodiment; 

FIG. 5 is an exploded perspective vieW of a dielectric 
?lter according to a third modi?cation example of the 
second embodiment; 

FIG. 6 is an exploded perspective vieW of a dielectric 
duplexer according to a third embodiment; 

FIG. 7 is an exploded perspective vieW of a voltage 
controlled oscillator according to a fourth embodiment; 

FIG. 8 is a cross-sectional vieW along the X—X-line in 
FIG. 7; 

FIG. 9 is a cross-sectional vieW of a voltage-controlled 
oscillator according to a ?rst modi?cation example of the 
fourth embodiment; 

FIG. 10 is a cross-sectional vieW of a voltage-controlled 
oscillator according to a second modi?cation example of the 
fourth embodiment; 

FIG. 11 is a cross-sectional vieW of a voltage-controlled 
oscillator according to a third modi?cation example of the 
fourth embodiment; 

FIG. 12 is an exploded perspective vieW of a dielectric 
?lter previously proposed by the present applicant; and 

FIG. 13 is an exploded perspective vieW of a conventional 
voltage-controlled oscillator. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

Using FIG. 1, a ?rst embodiment of the present invention 
is described beloW. FIG. 1 is an exploded perspective vieW 
of a dielectric resonator according to a ?rst embodiment of 
the present invention. 
As shoWn in FIG. 1, a dielectric resonator 1 is composed 

of a dielectric substrate 2, supporting members 3a and 3b, 
and conductor plates 4a and 4b. 

The dielectric substrate 2 has a constant relative dielectric 
constant, on Which electric conductors 2a and 2b having 
circular openings on their tWo main faces are formed so that 
the openings on the tWo main faces oppose each other. The 
siZe of the openings in the electric conductors 2a and 2b of 
the dielectric substrate 2 is de?ned in accordance With a 
predetermined frequency. By these openings, a resonating 
section is arranged. 

The supporting member 3a is an insulating substrate 
arranged parallel With the dielectric substrate 2. Also, the 
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supporting member 3a has an electrode 5 formed on its face 
opposing the dielectric substrate 2. The electrode 5 functions 
as a lead line and is coupled to the openings in the electric 
conductors 2a and 2b of the dielectric substrate 2 via 
electromagnetic ?elds. 
The supporting member 3b is an insulating substrate, is 

similar to the supporting member 3a, and is arranged parallel 
With the dielectric substrate 2 at a side different from the 
supporting member 3a. The supporting member 3a has an 
electrode 6 formed on its face opposing the dielectric 
substrate 2. The electrode 6 functions as a frequency 
modulating electrode, and increasing or reducing the area of 
the electrode 6 alloWs modulation of resonant frequency in 
the resonating section formed on the opposing dielectric 
substrate. 

In order to hold the dielectric substrate 2 and the sup 
porting members 3a and 3b at a constant spacing, spacers 9 
are arranged individually betWeen the dielectric substrate 2 
and the supporting member 3a and betWeen the dielectric 
substrate 2 and the supporting member 3b. 

In the con?guration as described above, the openings and 
the dielectric substrate sandWiched thereby operate as a 
resonating section, providing the dielectric resonator 1 hav 
ing one resonating section. Also, this embodiment alloWs for 
a con?guration in Which the electrodes are close to the 
openings, providing stronger coupling, compared to a con 
?guration in Which electrodes and a resonating section are 
formed on the same substrate. In addition, compared to a 
con?guration in Which electrodes and a resonating section 
are formed on the same substrate, since the lead lines are 
formed on a different substrate, the dimension in the hori 
Zontal direction can thereby be made smaller. 

Next, a second embodiment is described beloW using FIG. 
2. FIG. 2 is an exploded perspective vieW of a dielectric ?lter 
according to the second embodiment of the present inven 
tion. 
As shoWn in FIG. 2, a dielectric ?lter 11 is composed of 

a dielectric substrate 12, a supporting member 13, and 
dielectric plates 14a and 14b. 
The dielectric substrate 12 has a constant relative dielec 

tric constant, on Which electric conductors 12a and 12b 
having three circular openings on their tWo main faces are 
formed so that the openings on the tWo main faces oppose 
each other. The siZe of the openings in the electric conduc 
tors 12a and 12b of the dielectric substrate 12 is de?ned in 
accordance With a predetermined frequency. 

Similarly to the dielectric substrate 12, the supporting 
member 13 has a constant relative dielectric constant, on 
Which electrodes 13a and 13b having tWo circular openings 
on their tWo main faces are formed so that the openings on 
the tWo main faces oppose each other. In the same manner 
as in the dielectric substrate 12, the siZe of the openings in 
the electrodes 3a and 3b of the supporting member 13 is also 
de?ned in accordance With a predetermined frequency. 
The supporting member 13 is arranged at a constant 

spacing from the dielectric substrate 12, in Which each of the 
tWo openings in the electrode 13b overlaps With tWo of the 
three openings in the dielectric substrate 12 of the electric 
conductor 12a. In order to hold the dielectric substrate 12 
and the supporting member 13 at a constant spacing, spacers 
19 and 19 are arranged betWeen the dielectric substrate 12 
and the supporting member 13. 
An input coplanar line 15a and an output coplanar line 

15b are formed at both end portions on the side of electrode 
13b of the supporting member 13. The input coplanar line 
15a is arranged in a position overlapping With one of the tWo 
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ends of the three openings in the electric conductor 12a of 
the dielectric substrate 12. The output coplanar line 15b is 
arranged in the position overlapping With one of the tWo 
ends of the three openings in an electric conductor 12a of the 
dielectric substrate 12. 

The dielectric plates 14a and 14b are immobilized such 
that they are apart at a predetermined distance from the 
supporting member 13 and so that they sandWich the dielec 
tric substrate 12 and the supporting member 13. The input 
coplanar line 15a and the output coplanar line 15b are 
projected from the dielectric plates 14a and 14b. 

In the con?guration as described above, the openings and 
the dielectric substrate sandWiched thereby operate as a 
resonating section, so that the dielectric resonator 11 having 
resonating sections in ?ve steps can be obtained. In this Way, 
for arranging a dielectric ?lter not only in the ?ve steps but 
in other multiples of steps in this embodiment, compared to 
a con?guration in Which resonating sections in multiple 
steps are formed on a dielectric substrate, the dimension in 
the horiZontal direction can be made smaller. In addition, the 
resonating sections formed on the dielectric substrate 12 and 
the resonating sections formed on the supporting member 13 
are alternatively connected. In this arrangement, coupling 
betWeen the resonating sections can therefore be varied by 
changing the distance betWeen the dielectric substrate 12 
and the supporting member 13 or by changing the area in 
Which the resonating sections of the dielectric substrate 2 
and the resonating sections of the supporting member 3 
overlap With each other. In particularly, compared to a 
conventional manner in Which the distance in the horiZontal 
direction of the adjacent resonating sections on the same 
substrate is reduced, the distance betWeen the resonating 
sections can be made smaller by reducing the distance the 
dielectric substrate 12 and the supporting member 13; 
therefore, stronger coupling can be obtained. 

Using FIG. 2, the description has been made regarding the 
dielectric ?lter in Which the resonating sections are formed 
on the tWo dielectric substrates; hoWever, this is not so 
restricted; for example, the resonating sections may be 
individually formed on three substrates, as shoWn in FIG. 3. 

FIG. 3 is an exploded perspective vieW of a dielectric 
?lter of a ?rst modi?cation example of the second embodi 
ment. For the same parts as those in FIG. 2, the same 
symbols are given, and a detailed description is omitted. 
As shoWn in FIG. 3, differences from FIG. 2 are that 

coupling electrodes 17a and 17b are added on the side of an 
electrode 13a of a supporting member 13, and a supporting 
member 16 is added. 

That is, the coupling electrodes 17a and 17b are formed 
at tWo end portions of the electrode 13a on the side of the 
supporting member 13. The coupling electrode 17a is elec 
trically connected to an input coplanar line 15a via a 
through-hole; the coupling electrode 17b is electrically 
connected to an output coplanar line 15b via a through-hole. 

The supporting member 16 has a constant relative dielec 
tric constant, on Which electrodes 16a and 16b having tWo 
circular openings on their tWo main faces are formed so that 
the openings on the tWo main faces oppose each other. The 
siZe of the openings in the electrodes 16a and 16b of the 
supporting member 16 is de?ned so that frequency at the 
openings is different from a frequency at openings of electric 
conductors of a dielectric substrate 12 and from a frequency 
at openings of the electrodes in the supporting member 13. 
The tWo openings in the electrode 16b oppose the coupling 
electrodes 17a and 17b. In order to hold the supporting 
member 13 and the supporting member 16 at a constant 
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10 
spacing, spacers 19 are arranged betWeen the supporting 
member 13 and the supporting member 16. Thus, resonating 
sections de?ned by the openings formed on the supporting 
member 16 are coupled to the coupling electrodes 17a and 
17b so as to operate as a trap; therefore, undesired frequency 
can be attenuated. 

By con?guring the device, a dielectric resonator 11a 
having trap resonating sections in tWo steps and resonating 
sections in ?ve steps can be obtained. 

In addition, using FIG. 4, a second modi?cation example 
of the second embodiment is described beloW. FIG. 4 is an 
exploded perspective vieW of a dielectric ?lter of the second 
modi?cation example of the second embodiment. For the 
same parts as those in FIG. 2, the same symbols are given, 
and a detailed description is omitted. 
As shoWn in FIG. 4, a dielectric ?lter 21 is composed of 

a dielectric substrate 22, a supporting member 23, and 
conductor plates 4a and 4b. 
The dielectric substrate 22 has a constant relative dielec 

tric constant, on Which electric conductors 22a and 22b 
having three circular openings on their tWo main faces are 
formed so that the openings on the tWo main faces oppose 
each other. The siZe of the openings in the electric conduc 
tors 22a and 22b of the dielectric substrate 22 is de?ned in 
accordance With a predetermined frequency. An input copla 
nar line 25a and an output coplanar line 25b are formed at 
both end portions of the dielectric substrate 22. 

The supporting member 23 is an insulating substrate 
arranged such that three circular strip electrodes 23b are 
formed. The supporting member 23 is arranged at a constant 
spacing from the dielectric substrate 22, in Which one main 
face thereof having strip electrodes 23b, 23c, 23d Which 
overlap With three openings in the electric conductor 22a. 

Also, in order to hold the dielectric substrate 22 and the 
supporting member 23 at a constant spacing, spacers 9 are 
arranged individually betWeen the dielectric substrate 22 and 
the supporting member 23. 

In a con?guration such as that described above, resonant 
frequencies at individual resonating sections can be varied 
by eliminating the strip electrodes 23b in the supporting 
member 23, adding an electric conductor to the strip elec 
trodes 23b, modifying the distance betWeen the supporting 
member 23 and the dielectric substrate 22, or in other Ways. 
That is, conventionally, since an electric conductor of a 
dielectric substrate on Which resonating sections are formed 
is eliminated, divergent electromagnetic ?eld occur to gen 
erate unnecessary spurious components. In this 
embodiment, hoWever, such problems do not arise because 
the resonating sections are adjusted by the supporting 
member, Which is a member other than the dielectric sub 
strate on Which the resonating sections are formed. 

Next, a third modi?cation example of the second embodi 
ment is described beloW, using FIG. 5. FIG. 5 is an exploded 
perspective vieW of a dielectric ?lter of the third modi?ca 
tion example of the second embodiment. For the same parts 
as those of the dielectric ?lter 11a shoWn in FIG. 3 as the 
?rst modi?cation example of the second embodiment, the 
same symbols are given, and a detailed description is 
omitted. 
The difference from the ?rst modi?cation example of the 

second embodiment, Which is shoWn in FIG. 3, is that a 
second supporting member 33 has a strip line in this 
embodiment, Whereas in FIG. 3, the second supporting 
member 16 has resonating sections similarly to the dielectric 
substrate 12. 

That is, as shoWn in FIG. 5, a dielectric ?lter 31 is 
composed of a dielectric substrate 12, a supporting member 
13, the supporting member 33, and dielectric plates 14a and 
14b. 
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The supporting member 33 is an insulating substrate 
arranged such that one main face thereof has a strip line 33a. 
The supporting member 33 is arranged at a constant spacing 
from the dielectric substrate 13, in Which the main face 
thereof having the strip electrode 33a overlapping tWo 
openings in an electrode 3a. In order to hold the supporting 
member 13 and the supporting member 33 at a constant 
spacing, spacers 19 are arranged individually betWeen the 
supporting member 13 and the supporting member 33. 
By the strip line 33a on this substrate 33, coupling 

betWeen tWo resonating sections formed on the supporting 
member 13 can be obtained. 
By con?guring the device as above, the resonating sec 

tions in the second step and the resonating sections in the 
fourth steps are indirectly coupled in the dielectric ?lter 31 
composed of resonators in ?ve steps, by Which poles can be 
formed in ?lter characteristics of the dielectric ?lter. That is, 
by setting the poles to an undesirable frequency by adjusting 
the strength of the indirect coupling, the undesirable fre 
quency can be attenuated. 

Next, a third embodiment is described beloW using FIG. 
6. FIG. 6 is an exploded perspective vieW of a dielectric 
duplexer according to the second embodiment. 
As shoWn in FIG. 6, a dielectric duplexer 41 is composed 

of dielectric substrates 42 and 43, a supporting member 46, 
and dielectric plates 44a and 44b. 

The dielectric substrate 43 has a constant relative dielec 
tric constant, on Which electric conductors 43a and 43b 
having three circular openings on their tWo main faces are 
formed so that the openings on the tWo main faces oppose 
each other. The siZe of the openings in the electric conduc 
tors and 42b of the dielectric substrate 42 is de?ned in 
accordance With a predetermined frequency. Also, a copla 
nar line 45a is formed on the side of the electric conductor 
42b so as to be in proximity to one of the openings of the tWo 
ends. 

The dielectric substrate 43 has a constant relative dielec 
tric constant, on Which electric conductors 43a and 43b 
having three circular openings on their tWo main faces are 
formed so that the openings on the tWo main faces oppose 
each other. The siZe of the openings in the electric conduc 
tors 43a and 43b of the dielectric substrate 43 is de?ned in 
accordance With a predetermined frequency. Also, a copla 
nar line 45b is formed on the side of the electric conductor 
43b so as to be in proximity to one of the openings of the tWo 
ends. 

The supporting member 46 is arranged in a multilayered 
structure in Which electrodes 46b and 46c of a loW dielectric 
constant are formed substantially entirely on tWo main faces 
of a supporting substrate 46 of Which one end portion has 
layers of supporting substrates 47a and 48a of a loW 
dielectric constant. 

A coplanar line 45c insulated from the electrode 46b is 
formed in one end portion on the side of electrode 46b 
formed on the supporting substrate 46a, and a through-hole 
reaching a face on the side of the electrode 46c is formed at 
one end of the coplanar line 45c. Around the through-hole on 
the other face of the supporting substrate 46, the electrode 
46c is not formed so that the electrode 46c and the through 
hole are not connected. 

The supporting substrate 47a is layered on the coplanar 
line 45c formed on the supporting substrate 46a. Astrip line 
47b is formed on a face opposing a face that contacts the 
supporting substrate 46a on the supporting substrate 47a, 
and a through-hole reaching the other face of the supporting 
substrate 46a is formed on one end of the strip line 47b. The 
strip line 47b is connected to the coplanar line 45c via the 
through-hole. 
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The supporting substrate 48a is layered sandWiching the 

supporting substrate 46a so as to oppose the supporting 
substrate 47a. Also, a strip line 48b is formed on a face 
opposing a face that contacts the supporting substrate 46a on 
the supporting substrate 48a, and a through-hole reaching 
the other face of the supporting substrate 48a is formed on 
one end of the strip line 48b. The strip line 48b is connected 
to the coplanar line 45c via a through-hole 48d and a 
through-hole 46d. 
A spacer 49a and a spacer 49b are arranged betWeen the 

dielectric substrate 42 and the supporting member 46 and 
betWeen dielectric substrate 43 and the supporting member 
46, respectively; and gaps therebetWeen are maintained at a 
constant spacing. The spacer 49b betWeen the dielectric 
substrate 42 and the supporting member 46 has the same 
height as the combined heights of the supporting substrate 
47a and the spacer 49a and is arranged so that the dielectric 
substrate 42 and the supporting member 46 are parallel With 
each other. Similarly, the spacer 49b betWeen the dielectric 
substrate 43 and the supporting member 46 has the same 
height as the combined heights of the supporting substrate 
48a and the spacer 49a and is arranged so that the dielectric 
substrate 43 and the supporting member 46 are parallel With 
each other. 

By con?guring the device as above, tWo ?lters can be 
obtained: one ?lter having three resonating sections formed 
on the dielectric substrate 42, and another ?lter having 
resonating sections on the dielectric substrate 43. At this 
time, if the coplanar line 45c is connected to an antenna, the 
coplanar line 45c is connected to a receiver, and coplanar 
line 45b i s connected to a transmitter, the dielectric duplexer 
41 can be used as an antenna-sharing device. 

For reference, although the coplanar lines are used as an 
input/output structure in the second and third embodiments, 
they are not restricted thereto, and other lead lines, such as 
strip lines, microstrip lines, or slot lines, may be formed. As 
an alternative input/output structure, a loop, a probe, or the 
like may be formed as a separate structure. 

Next, using FIGS. 7 and 8, a fourth embodiment is 
described beloW. FIG. 7 is an exploded perspective vieW of 
a voltage-controlled oscillator according to the fourth 
embodiment; FIG. 8 is a cross-sectional vieW taken along 
the line X—X in FIG. 7. For the same parts as those of the 
conventional voltage-controlled oscillator 111 shoWn in 
FIG. 13, the same symbols are given, and a detailed descrip 
tion is omitted. 
As shoWn in FIG. 7, a voltage-controlled oscillator 51 is 

composed of a dielectric substrate 52, a Wiring substrate 113 
Which is a supporting member, and an upper metal housing 
130 and a loWer metal housing 131 Which are conductor 
plates. 

The dielectric substrate 52 has a constant relative dielec 
tric constant, on Which electric conductors 52a and 52b 
having circular openings on their tWo main faces are formed 
so that the openings on the tWo main faces oppose each 
other. The siZe of the openings in the electric conductors 52a 
and 52b of the dielectric substrate 52 is de?ned in accor 
dance With a predetermined frequency. A resonating section 
is arranged by the openings. 
On the Wiring substrate 113, a microstrip line 114 forming 

a primary line, and a microstrip line 115 forming a second 
ary line, are formed so as to overlap With the opening in the 
electric conductor 52b of the dielectric substrate 52 as 
vieWed from top to bottom in FIG. 7. 
A spacer 59 of a loW dielectric constant is arranged on the 

Wiring substrate 113, and as shoWn in FIG. 8, it is immo 










